Proton magnetic resonance spectroscopy, localised to the lentiform nucleus, was carried out in three ex-professional boxers who developed a parkinsonian syndrome, six patients with idiopathic Parkinson's disease, and six age matched controls. The three ex-boxers all showed a pronounced reduction in the absolute concentration ofN-acetylaspartate compared with the patients with idiopathic Parkinson's disease and the control group. This reduction is likely to reflect neuronal loss occurring in the putamen and globus pallidus and supports the hypothesis that the extrapyramidal syndrome that may occur in ex-boxers is a distinct entity from idiopathic Parkinson's disease. (7 Neurol Neurosurg Psychiatry 1995;58:688-691) 
The development of traumatic encephalopathy in boxers was first described in the medical literature when in 1928 Martland coined the term punch drunk to describe boxers who developed unsteadiness on their feet and who moved and thought more slowly.' Since then, there have been clinical reports in which the picture of traumatic encephalopathy in boxers has been characterised by evidence of damage to one or more of the pyramidal, extrapyramidal, or cerebellar systems, with associated dementia, psychosis, and personality changes in some cases.2- 5 The condition usually has an insidious onset and may present initially with affective disturbances and psychotic symptoms. The development of amnesia with the signs of parkinsonism may then follow. Finally, patients may develop generalised cognitive impairment.5 The clinical course may arrest during any of these stages and the severity of the syndrome correlates to a limited degree with the duration of the boxer's career' and the total number of bouts. 6 The development of parkinsonism is a relatively common feature in those boxers developing the punch drunk syndrome. Roberts6 noted evidence of extrapyramidal involvement in 20 of the 52 cases of traumatic encephalopathy among retired professional boxers that he found in the medical literature. There are, however, few reports in which a parkinsonian syndrome develops as the sole or predominant manifestation of boxing injuries3 49 raising the possibility that parkinsonism occurring in boxers may simply be due to coincidental idiopathic Parkinson's disease rather than from a direct consequence of head trauma.67
Postmortem studies in boxers with posttraumatic encephalopathy have shown distinct pathological changes.8-" Corsellis et al,9 in a study of 15 boxers, described the presence of neurofibrillary tangles spread diffusely through both the cerebral cortex and brainstem, cavum septi pellucidi, cerebellar and cerebral scarring, and degeneration of the substantia nigra. Lewy bodies were not a pathological feature. Although no amyloid plaques were described in this paper, a follow up study of these brains by Roberts et al'0
showed diffuse deposition of ,B protein raising the possibility that the condition is more akin to Alzheimer's disease than idiopathic Parkinson's disease. Although neuronal loss has been well documented in the substantia nigra (predominantly affecting lateral rather than medial areas) there is no information regarding the degree of cell loss in the striatum. The presence of a cavum septum pellucidum during life in these patients may be confirmed by imaging. Computed tomography has shown this abnormality in 18% of boxers compared with its presence in 5% of the general population. Water suppressed spectra were obtained from volumes of interest (3 4 ml to 6 ml) centred on the putamen and globus pallidus (lentiform nucleus) using a STEAM sequence '5 (fig 1) . In the boxers and idiopathic Parkinson's disease group, the basal ganglia contralateral to the most clinically affected side was studied. Acquisition parameters were TR 2270 ms, TE 270 ms, and TM 12 ms. Data processing included 2 Hz line broadening, Fourier transformation, and zero order phase correction. Absolute concentrations for the metabolites were calculated with the fully relaxed water signal as an internal standard of reference. ' The three boxers all showed abnormalities on MRI. These consisted of discrete periventricular or subcortical white matter high signal lesions. There were no high signal lesions present in the basal ganglia. In one of the three boxers (case 1), there was evidence of cavum septi pellucidi. In three of the patients with idiopathic Parkinson's disease there were small periventricular or subcortical white matter lesions present on T2 weighted MRI. Similar changes were seen in two of the six controls. There was no evidence of cavum septi pellucidi in any of the patients with idiopathic Parkinson's disease or controls. In two of the patients with idiopathic Parkinson's disease there was a moderate degree of low signal extending from the globus pallidus into the medial border of the putamen. This was not present in the controls or in the three ex-boxers.
MAGNETIC RESONANCE SPECTROSCOPY
The table shows the concentrations of NAA from the lentiform nucleus in the three exboxers. These were all significantly lower (median 6 1 mmol/l) than the NAA concentrations from the age matched controls (median 9'94 (range 9.26-10.77) mmol/l, P < 0-03) (fig 2) . By contrast, there was no significant difference in the concentration of NAA in the idiopathic Parkinson's disease group (median 9 99 (range 9 0-11 0) mmol/l, P > 0 9) compared with the controls. There was no significant difference in the concentrations of creatine or compounds containing choline between the three groups.
Discussion
The most striking finding in this study was the significant reduction in the concentration of NAA from the putamen and globus pallidus in the ex-professional boxers with a parkinsonian syndrome, compared with the patients with idiopathic Parkinson's disease and the control group.
In adult brain, NAA is almost exclusively confined to neurons and their processes." An absolute reduction in NAA or a reduction in the NAA/creatine ratio has been seen in many conditions in which there is neuronal or axonal loss '8-22 
